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Description 


[METHOD FOR FABRICATING MEMORY 
DEVICE HAVING A DEEP TRENCH 

CAPACITOR] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92115650, filed on June 10, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a fabrication method for a 
memory device. More particularly, the present invention 
relates to memory device with a deep trench capacitor. 

[0004] Description of Related Art 

[0005] Along with the miniaturization of devices, the dimensions 
of devices progressively diminish. As for a memory device 
that comprises a capacitor, the space for forming a capac- 
itor also gradually reduces. A deep trench capacitor mem- 
ory device which uses the space in the substrate to form a 


capacitor to render a greater area. A deep trench capacitor 
memory device thus conforms to the demands of the cur- 
rent market. 

[0006] a conventional fabrication method for a deep trench ca- 
pacitor memory device includes depositing multi layers of 
doped polysilicon layer to form an upper electrode. The 
upper most doped polysilicon layer is formed by forming 
a layer of non-crystalline silicon layer, followed by deliv- 
ering an arsenic gas into the reaction chamber for arsenic 
to be adsorbed onto the non-crystailline silicon layer. An 
undoped polysilicon layer is further deposited. Thereafter, 
in a subsequent thermal process, dopants are driven-in to 
the undoped polysilicon layer to transform the non- 
crystalline silicon layer into a polysilicon layer. 

[0007] | n t he above conventional method, during the diffusion of 
the arsenic ions that are being adsorbed on the non- 
crystalline silicon layer to the polysilicon layer, the arsenic 
ions may also diffuse into the substrate surrounding the 
deep trench. The substrate around the deep trench, as a 
result, also comprises the arsenic dopants. Therefore, in 
the subsequent definition of an active region, the active 
region may be shifted to the peripheral of the deep trench 
when a misalignment occurs. Since the channel region of 


the active region, which is positioned in the peripheral re- 
gion of the deep trench, could have a high concentration 
of the arsenic dopants, the sub-threshold voltage of a 
subsequently formed gate is generated and the normal 
on-and-off of the device can not be operated. If a capaci- 
tor is to be fabricated according to the original dimension 
of the deep trench, and the problems related to the mis- 
alignment, when the active region is defined, are to be 
avoided, the overlay margin would become very small. In 
order to increase the overlay margin, one conventional 
approach is to reduce the dimension of the deep trench. 
However, the reduction of the deep trench would lead to 
the generation of the loading effect, which would limit the 
depth of the trench, and affect ultimately the capacity of 

the capacitor. 
Summary of Invention 

[0008] The present invention provides a fabrication method of a 
deep trench capacitor memory device, in which the overlay 
margin can be increased. 

[0009] The present invention also provides a fabrication method 
for a memory device having a deep trench capacitor, 
wherein the dimension of the capacitor can be larger. 

[0010] The present invention further provides a fabrication 


method of a memory device having a deep trench capaci- 
tor, in which a first conductive layer is formed in the bot- 
tom and the middle parts of the deep trench in the sub- 
strate. An undoped semiconductor layer is formed in the 
top part of the deep trench. A mask layer is then formed 
on the substrate, wherein the mask layer covers the un- 
doped semiconductor layer at the border of the deep 
trench adjacent to the region for forming the active re- 
gion. Thereafter, an ion implantation is conducted to im- 
plant dopants to the undoped semiconductor layer that is 
not covered by the mask layer and to form a second con- 
ductive layer. The second conductive layer and the first 
conductive layer together form the electrode of the capac- 
itor. 

1 ] In accordance to one aspect of the present invention, the 
aforementioned second conductive layer is sandwiched in 
between the undoped semiconductor layer. The undoped 
semiconductor layer thus serves as a buffer layer, which 
can prevent the dopants in the second conductive layer to 
diffuse directly to the substrate at the peripheral of the 
deep trench. As a result, during the subsequent definition 
of the active region, a larger overlay margin is provided. 
Therefore, even there are errors in alignment, the defined 


active region positioned at the peripheral of the deep 
trench is precluded from the sub-threshold voltage prob- 
lem generated due to the diffusion of dopants as in the 
prior art. 

[0012] Accordingly, the fabrication method of a memory device, 
wherein the overlay margin can be increased. 

[0013] Further, since the present invention can provide a larger 
overlay margin, the reduction of the dimension of the ca- 
pacitor is precluded. 

[0014] | t j S t0 De understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0015] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0016] Figures 1, 3, 4, 6, 7, 9, 11-13 are schematic, cross- 
sectional view diagrams illustrating the fabrication pro- 
cess of a memory device having a trench according to an 


aspect of the present invention. 
[0017] Figure 2 is a top view of Figure 1. 

[0018] Figure 5 is top view of Figure 4. 
[0019] Figure 8 is a top view of Figure 7. 
[0020] Figure 10 is a top view of Figure 9. 
[0021] Figure 14 is a top view of Figure 13. 
Detailed Description 

[0022] The present invention can be better understood by way of 
the following example which is representative of a pre- 
ferred embodiment but which is not to be construed as 
limiting the scope of the invention. 

[0023] Referring to Figure 1, a mask layer is formed on a sub- 
strate 100, wherein the mask layer is, for example, a pad 
oxide layer 102 and a silicon nitride layer 104 that are 
formed sequentially on the substrate 100. The pad oxide 
layer 102 is formed by, for example, a thermal oxidation 
method. The silicon nitride layer 104 is formed by, for ex- 
ample, a chemical vapor deposition method. The pad ox- 
ide layer 102 and the silicon nitride layer 104 are further 
patterned, and the substrate 100 is etched to form a plu- 
rality of deep trenches 106 in the substrate 100. The ar- 


rangement of the deep trenches 106 is, for example, a di- 
vision into a plurality of columns. As shown in Figure 2, 
the deep trenches 106a and the deep trenches 106b be- 
long to different columns of deep trenches. For example, 
the deep trenches 106a belong to an even column, while 
the deep trenches 106b belong to an odd row. The region 
between two neighboring deep trenches 106 that are fur- 
ther apart is preserved as the active region. The shape of 
the deep trench 106 basically appears to be rectangular 
when being viewed from the top, wherein the corners can 
be rounded to form approximately an oval shape. The 
short sides 110 and 112 of the deep trench 106 are es- 
sentially parallel to the direction where the neighboring 
active region 122 is extended along. The regions where 
the diffusion of dopants of the electrode to the periphery 
in the substrate as often occurs in the prior art the circled 
regions in Figure 2, and these regions are depicted by the 
reference number 108. The fabrication method of a deep 
trench capacitor of the present invention is intended to 
overcome the problems encountered in the prior art. 
[0024] still referring to Figure 1, a doped region 108 is formed in 
the substrate 100 surrounding the bottom and the lower 
parts of the deep trench 106. The doped region 108 is 


formed as the bottom electrode of a capacitor. Thereafter, 
a dielectric layer 110 is formed of the surfaces of the bot- 
tom and the lower surface of the deep trench 108, fol- 
lowed by forming a first conductive layer 112 inside the 
trench 106, encompassed by the dielectric layer 110. The 
dielectric layer 110 and the conductive layer 112 are 
formed by, for example, forming a thin conformal dielec- 
tric layer and a conductive material that fills the trench 
106, for example, a silicon oxide layer and a doped 
polysilicon layer. Thereafter, chemical mechanical polish- 
ing is conducted to remove the conductive material layer 
that covers the silicon nitride layer 104, followed by etch- 
ing back a portion of the conductive material layer in the 
deep trench 106 to form the conductive layer 112. There- 
after, the dielectric layer disposed above the silicon nitride 
layer 104 and on the upper and middle parts of the deep 
trench 106 are removed by dipping, leaving behind only 
the dielectric layer 110 at the periphery of the first con- 
ductive layer 112. An annealing is then conductive to re- 
pair the first conductive layer 112, wherein the oxide layer 
is formed on the sidewall surface of the middle part and 
the upper part of the deep trench 106. The oxide layer 
becomes the oxide layer 114 after a subsequent dipping 


process. 

[0025] still referring to Figure 1, a collar oxide layer 116 is then 
formed in the middle part of the deep trench 106 on the 
oxide layer 114. A conductive layer 118 is formed inside 
the deep trench 106, encompassed by the collar oxide 
layer 116. Forming the collar oxide layer 116 and the 
conductive layer 118 is by, for example, forming a chemi- 
cally vapor deposited collar oxide layer 116 on the oxide 
layer 114. An etching-back process is then performed to 
remove the collar oxide layer that covers the surface of 
the conductive layer 112, leaving behind only the oxide 
layer 114 and the collar oxide 116 on the sidewall of the 
deep trench 106. Thereafter, a conductive material layer, 
for example, a doped polysilicon layer, is formed on the 
substrate 100. Chemical mechanical polishing is then 
conducted to remove the conductive material layer on the 
surface of the silicon nitride layer 104. An etching-back is 
further conducted, leaving behind the conductive layer 
118 in the middle part of the deep trench 106. After re- 
moving the oxide layer 114 and the collar oxide layer 116 
after dipping, only the oxide layer 114 surrounding the 
second conductive layer 118 and the collar oxide layer 
116 remain. 


[0026] Referring to Figure 3, an undoped semiconductor layer 

120 is formed on the substrate 100, wherein the undoped 
semiconductor layer 120 is, for example, an undoped 
polysilicon layer formed by a chemical vapor deposition 
method. 

[0027] Continuing to Figure 4, the undoped semiconductor layer 
120 outside the deep trench 106 is removed, leaving be- 
hind a portion 120a of the undoped semiconductor layer 
120 in the upper part of the deep trench 106. The un- 
doped semiconductor layer 120 is removed by, for exam- 
ple, performing a chemical mechanical polishing process 
first to remove the undoped semiconductor layer 120 that 
covers the silicon nitride layer 104, followed by an etching 
back process. Referring to Figure 5, viewing from the top 
of the substrate 100, the substrate is covered by the pat- 
terned silicon nitride layer 104 that has openings for the 
deep trenches 106, and the semiconductor layer 120 that 
fills the deep trenches 106. 

[0028] Thereafter, as shown in Figure 6, a patterned mask layer, 
for example a patterned photoresist layer 126, is formed 
on the substrate 100. Preferably, an anti-reflection layer 
124 is formed before forming the patterned photoresist 
layer 126. 


[0029] Referring to Figure 7, the anti-reflection layer 124 not 
covered by the photoresist layer 126 is removed, leaving 
behind the anti-reflection layer 124a. An ion implantation 
process 128 is then conducted to implant dopants into 
the semiconductor layer 120a to form the conductive layer 
120b, using the photoresist layer 126 and the silicon ni- 
tride layer 104 as an implantation mask. 

[0030] Referring to Figure 8, it is important to note that the pho- 
toresist layer 126 covers the region 108 of the deep 
trenches 106, wherein the region 108 refers to the bor- 
ders of the deep trenches that are adjacent to the pre- 
defined region for the active region 122. Using the deep 
trench 106a as an illustration, the borders of the deep 
trench 106a that are adjacent to the edges of the active 
region 122b, are regions 108a and 108b at the short side 
110 and the short side 112 of the rectangular deep trench 
106a. In this aspect of the invention, the photoresist layer 
126 is a long stripe, which covers the region between two 
neighboring columns of deep trenches 106. More specifi- 
cally, the region 108b at the short side 112 of the deep 
trench 106a and the region 108a at the short side 110 of 
a neighboring deep trench 106b are covered by the long, 
stripe-shaped photoresist layer 126. When the ion im- 


plantation process 128 is conducted, the undoped semi- 
conductor layer 120a inside the deep trench 106 not cov- 
ered by the photoresist layer 126 is going to be doped to 
form the conductive layer 120b, whereas the undoped 
semiconductor layer 120a inside the deep trench 120a 
covered by the photoresist layer 126 is not going to be 
doped. The conductive layer 120b, the conductive layer 
118 and the conductive layer 112 serve as the upper elec- 
trode of the capacitor. 
[0031] Referring to both Figures 9 and 10, the photoresist layer 
126 and the antireflection layer 124 are removed, and an- 
other mask layer 130 is formed on the substrate 100 to 
define the active region 122. The mask layer 130 is, for 
example, a photoresist layer, which covers the pre- 
defined region for the active region 122. In other words, 
the mask layer 130 covers a portion of the conductive 
layer 120b inside the deep trenches 106, and the silicon 
nitride layer 104 between two neighboring deep trenches 
106 that are along a same column but at a further dis- 
tance apart. Using the mask layer 130 as an etching mask, 
the silicon nitride layer 104 not covered by the mask layer 
130 and the underlying pad oxide layer 102 and the sub- 
strate, and the undoped semiconductor layer 120a not 


covered by the mask layer 130 and the conductive layer 
120b are etched to form shallow trenches 131 in the sub- 
strate 100. 

[0032] Referring to Figure 11, an insulation layer 132 is formed 
over the substrate 100 to cover the silicon nitride layer 
104 and to fill the shallow trenches 131. The insulation 
layer is, for example, silicon oxide, and is formed by a 
method, such as, high density plasma chemical vapor de- 
position (HDPCVD). 

[0033] Referring to Figure 12, chemical mechanical polishing is 
then conducted to remove the insulation layer 132 that 
covers the silicon nitride layer 104. An etching-back is 
conducted, the insulation layer 132a that remains inside 
the shallow trench 131 forms the isolation structure. After 
the formation of the isolation structure 132a, a plurality of 
active regions is defined on the substrate 100. 

[0034] Thereafter, referring to Figure 13 and Figure 14, the sili- 
con nitride layer 104 and the pad oxide layer 102 are re- 
moved. A gate dielectric layer 134 is formed on the active 
region 122, followed by forming a patterned gate conduc- 
tive layer 136. The gate conductive layer 136 is formed 
with a material, such as, doped polysilicon, by a method, 
for example, chemical vapor deposition. The gate conduc- 


tive layer 136 extends along the row direction; in other 
words, the gate dielectric layer 136 is perpendicular to the 
direction at which the active region 122 is extended. The 
gate dielectric layer 136 crosses over two rows of gate 
conductive layer 136. For each active region 122, two 
rows of gate dielectric layer 136 are formed thereabove. 
Source/drain regions 138, 140 are further formed in the 
active region 122, followed by forming contact windows 
above the source/drain regions 138/140. Therefore, 
back-end process is continued according to the conven- 
tional techniques, and the details of which not be reiter- 
ated here. 

[0035] According to the aforementioned embodiment of the in- 
vention, a larger overlay margin is provided during the 
defining of the active region 122. This is because, as 
shown in Figure 10, the regions 108 of the conductive 
layer 120b that are adjacent to both edges of the neigh- 
boring active region 122 comprise the undoped semicon- 
ductor layer 120a. The undoped semiconductor layer 
120a thereby serves as a buffer layer, which can prevent 
the direct diffusion of dopants in the conductive layer 
120b to the periphery of the trenches 160 in the substrate 
100. Therefore, in the subsequent defining of the active 


region, even though a misalignment occurs and the active 
region 122 is defined on the border of the deep trenches 
106, the channel region of the defined active region 122 
will not contain any arsenic dopants because the border of 
the deep trenches 106 is an undoped semiconductor layer 
120a. Therefore, the channel region of the defined active 
region 122 does not contain the arsenic dopants. As a re- 
sult, the diffusion of dopants to periphery of the deep 
trenches, leading to the problem of the sub-threshold 
voltage as in the prior, is prevented. Beside the defined 
active region 122 comprises a larger overlay margin, the 
dimension of the capacitor can be increased. Further, the 
dimension of the capacitor is prevented from being re- 
duced due to a small overlay margin. Therefore, the 
present invention is applicable for the fabrication of the 
next generation deep trench capacitor, and can accom- 
modate the demand for miniaturization. 
[0036] it W i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 


scope of the following claims and their equivalents. 


